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Abstract 
The relationship between microbial communities, salinity, soil depth, and time was 
evaluated using phospholipid fatty acids (PLFA) collected from coastal wetlands in Louisiana 
post hurricanes Katrina and Rita. The three marsh types studied included freshwater and 
intermediate marshes from the Jean Lafitte Preserve as well as two brackish marsh sites from the 
Caernarvon Basin. The Caernarvon Basin was heavily impacted from the hurricanes leaving the 
lower sites sampled remnant marsh. The goal of this study was to examine microbial community 
changes along a salinity gradient to further understand the impact of salinity on the wetland 
ecosystem. This was done using multivariate comparison analysis (CCA) in combination with 
descriptive analysis comparing water chemistry (pH, DOC, TDN, NO2-, NO3-, Cl-, and SO43-) to 
PLFA data. This study finds a noticeable impact of salinity on PLFA as seen in an increased ratio 
of saturated to unsaturated PLFA as well as an increase the amount of cyclopropane PLFA in 
areas with a higher chloride content. The lower Caernarvon sites through exposure to the 
Caernarvon freshwater diversion and the recent hurricanes had salinity levels much closer to the 
intermediate marsh and proved to be an outlier on all findings. These findings mean that the 
microbial community is dynamic changing with season, depth, and salinity. 
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Introduction 
In order to further understand the salt marsh ecosystem my study investigates microbial 
communities, examining the effects of salinity and water chemistry on the phospholipid fatty 
acid membrane of microbes.  My project will use data gathered by the USGS in response to 
Hurricane Katrina in 2005. The research question will examine microbial changes in a variety of 
different marsh locations, all of which vary in salinity and chemistry, to determine how these 
changes are reflected in phospholipid fatty acid chains (PLFA) of microbes in the area. Data has 
been gathered from brackish, freshwater, and intermediate marshes in the Barataria Bay and 
Breton Sound areas of coastal Louisiana. The PLFA data will provide information on microbial 
biomass and community structure in these marsh soils. This topic is relevant as microorganisms 
found in the marsh serve as bio indicators, providing clues to overall health of the marsh 
ecosystem. 
My primary hypothesis is that the phospholipid fatty acid chain data (PLFA) will reflect 
the salinity gradient associated with marsh location. My corollary hypothesis will then look at 
other relationships between PLFA data and water chemistry data. The study will focus on nitrate, 
nitrite, pH, dissolved organic carbon (DOC), total dissolved nitrogen (TDN) and Sulfate (SO4) 
all of which are provided in the data set, to examine the chemical shift between sites. The 
purpose of this will be to determine other possible factors causing a change in microbial 
communities. Additionally, microbes will be identified from the PLFA data as well as 
relationships between microbes and overall biomass. Ultimately, the study will be focused on the 
resiliency of the marsh as it has been and continues to be converted between a freshwater and 
saline environment.  
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Background 
  A salt marsh is an intertidal ecosystem found between a landmass and estuary. Water in 
this area varies between fresh and very salty. Marshes are a type of wetland characterized by 
saturated soil and grass-like plants with few to no trees. The salinity in this ecosystem can very 
between freshwater and highly saline with many brackish marshes serving as an intermediate. 
Salt marshes globally are one of the most threatened ecosystems. Due to human activities 50% of 
marshes have been lost or degraded (Barbier et.al, 2011). With the loss of salt marshes is a loss 
of ecosystem services that they provide. Ecosystem services according to the EPA “are the direct 
or indirect contributions that ecosystems make to well-being of human populations” (EPA 2009). 
For salt marshes, these services include erosion control, coastal protection, nutrient cycling, 
water purification, and carbon sequestration (Barbier et al., 2011). These ecosystem services 
depend on the health of the marsh, considering functions controlled by both biotic and abiotic 
components (Barber et al., 2011). Important to coastal cities, such as Louisiana, marshes offer 
protection from storm surges. Marshes absorb the energy associated with storms. The marshes 
reduce the velocity, height, and duration of waves due to the tall grasses, stabilized sediment, and 
increased intertidal height (Morgan et al., 2009). Additionally, marshes provide benefits such as 
fisheries, tourism, recreation, education, and research (Barbier et al., 2011). Salt marshes account 
for 66% of the shrimp and 25% of the blue crab production in the Gulf of Mexico (Barbier 
2011). In addition to shellfish, salt marshes are vital habitat to many other species that are 
important for recreation and tourism, including birds and large fish. 
 The Gulf Coast contains an area of critical wetland loss with approximately 4500 km2 of 
land recorded lost by the end of the 20th century (Lane 2007). Since the early 1900’s flood 
control levees have isolated coastal Louisiana from the Mississippi river (Lane 2007). 
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Construction associated with the oil and gas industry has also altered the hydrology of the area 
through the promotion of saltwater intrusion events and by limiting hydrological exchange (Lane 
2007). On top of a weakened ecosystem, these coastal wetlands face the threat of sea level rise, 
currently 10 mm/year in the Mississippi Delta (Lane 2007). The Mississippi River delta has 
become an ideal subject for studying the impacts of human and climatic modifications on 
wetlands, which can then be applied to the problem of global wetland loss.   
   River diversions have been implemented by the state and Federal Government with the 
intention of mimicking Louisiana flooding events (Lane et al., 2007). Located on the Mississippi 
River’s east bank, the Caernarvon diversion has averaged 21 m3/s flow of sense its completion in 
2000, with large variations throughout the year (Lane et al., 2007). The water from the diversion 
is forced to pass through brackish wetland before it joins the Breton Sound estuary, a series of 
coastal wetlands between the diversion structure and the Gulf of Mexico (Lane et al. 2007). This 
Caernarvon diversion has been found to have a significant effect in the Breton Sound estuary, 
finding that the salinities of the estuary had become significantly lower following the diversion 
(Lane et al., 2007). Pulses do not equate to natural events at delivering sediment. Several orders 
of magnitude less sediment is provided by the Pulsed Diversion Management Plan than were 
provided by historic natural pulsing events (Snedden et al., 2007). This lack of sediment 
exchange is likely due to the original goal of the 1991 Caernarvon diversion being to regulate 
estuarine salinities, not to enhance sediment discharge (Snedden et al., 2007). The loss of 
sediment is quickly becoming a concern with Mississippi River delta eroding, in part due to the 
disruption of sediment (Swarzenski 2008).   
 The Mississippi River diversion becomes increasingly important as sea level rises. With 
sea level rise in the area at 1cm/year there is an increase in frequency and duration of marsh 
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flooding, higher mean salinities, and greater stress on plant communities (Day et al. 2007, 
Snedden et al. 2005). Insufficient sediment accretion and resulting subsidence accompanied with 
salt-water intrusion, and excess soil saturation create stressful conditions for the marsh 
vegetation (DeLane et al. 2003).    As plant communities become stressed, their root systems 
weaken, causing the sediment infrastructure to deteriorate and ultimately resulting in coastal land 
loss (Snedden 2005). Statewide Louisiana has had 115 km2/yr wetland loss (Snedden et al., 
2005). Expected consequences from this loss include a decrease in fisheries production, and a 
decline in storm surge protection. The current primary goal of the diversions is to return 
sediment to the marsh. This becomes relevant as different marsh types have different mineral 
demands. For brackish vegetation there is a much higher mineral demand, and a lower salinity 
requires a lower sediment supply (DeLaune 2003). Sediment is limited, but fresh water is not. In 
order to get the most out of the diversion Snedden et al. (2005) found that timing of pulsing 
events is critical. The study found that the greatest sediment delivery occurred between 
December and March, concluding that sediment inputs are maximized when diversion events 
occurred with flood pulses (Snedden et al., 2005). There is existing literature suggests that 
freshwater subsidies will benefit the marsh, DeLane et al. (2003) concluding that a mixture of 
freshwater and sediment will reduce salinity and offset submergence, steps that will allow for 
marsh accretion at a rate sufficient enough to match water level rise (DeLane et al., 2003).  
Hurricanes Katrina and Rita: 
Data collection was originally funded post Hurricane Katrina and Hurricane Rita. The 
two hurricanes known for the devastation they caused on the Louisiana coast occurring less than 
a month apart in 2005 (Day et al., 2007). Traditionally a study would have been done on the 
microbial community prior to and after the hurricanes but no relevant data exists in the area prior 
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to 2005. Because of this, the research question became focused on the microbial changes along a 
salinity gradient occurring after the hurricanes. Hurricane Katrina and Rita were the fourth and 
fifth most powerful storms to hit the Mississippi River Delta since 1893 (Day et al. 2007).  The 
devastation caused by the hurricanes also brought up the importance of a stable coastline 
provided by a healthy marsh ecosystem. In the Brenton Sound Basin, 100km2 of wetlands were 
converted to open water (Day et al. 2007). The health of the marsh, as it has been suggested, 
depends in part on the sediment load it has been provided either naturally or through subsidy. 
The coast of Louisiana had been weakened through heavy usage of levees and loss of sediment. 
This study aims to examine the effect of osmotic stress on a micro scale to add to the puzzle of a 
weakened coastline ecosystem.  
Phospholipid Fatty Acid (PLFA): 
Soil microbial ecosystem health can be investigated using phospholipid fatty acids 
(PLFA), the molecules that form in part the cellular wall of bacteria and other single-cell 
organisms. PLFA can be used to estimate microbial community composition and biomass size 
providing inferences about community composition (Bossio and Scow 1998), providing a 
biochemical fingerprint of community structure by examining microbial phenotypes (Kaur et al. 
2005). Lipids make up less than 5% of the dry weight of bacteria (Lechevalier 1977). The 
majority of eubacterial fatty acids are 10-20 carbons in length and derived from membrane 
phospholipids (Goldfine 1972). The chains can either be ester-linked or non-ester linked. 
Eubacteria cells can be made up of straight-chain saturated or monounsaturated, branched chain, 
cyclopropane, or polyunsaturated fatty acids (Bossio and Scow 1998). The ester linked can then 
be unsubstituted or hydroxyl substituted fatty acids. The unsubstituted lipids can be broken down 
into saturated, polyunsaturated, or monounsaturated. The saturated PLFAs are either branched or 
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straight chained fatty acids. The non-ester linked PLFAs can either be unsubstituted or hydroxy-
unsubstituted (Kaur 2005). Unsaturated fatty acid chains contain at least one double bond 
(Goldfine 1972). Branched chain fatty acids are of particular importance to distinguishing 
eubacteria groups because they only occur in around 10% of the Eubacteria species (Green 
1999). The total biomass of fatty acids is found through the summation of the mass of all 
detectable PLFA’s. This process relies on the conversion of the mass of microbes to the mass of 
PLFA leaving room for potential error (Green and Scow 2000).  
PLFA can be a useful tool for tracking environmental change due to the reflected changes 
in the structure of the phospholipids in the membranes. Microorganisms will modify fatty acids 
from cis to trans in response to toxic substances or starvation (Green and Scow 2000). This 
alteration reduces the membrane fluidity for more selective permeability. Additionally, with 
stress, some bacteria form a larger proportion of cyclopropane fatty acids relative to their 
precursor molecules (Guckert et al 1986). This project will look to see if this occurred from the 
osmotic stress presented by sampling sites along a salinity gradient. It is suggested that the 
response to stress may be short term (Green 2000). The conclusions from using PLFA may be 
slightly tentative due to overlap between groups of phospholipids present (Green 2000). PLFA is 
a very useful for qualitative identification but is limited for quantitative identification of 
microbial groups. It is best used as an exploratory tool to look for correlations and relationships 
between PLFA communities and environmental variables (Green 1999).  
Nomenclature for PLFA is written as a ratio of carbons to the number of double bonds. 
The number of carbons in a chain is followed by an ω and cis(c) or trans(t) then follows to 
indicate location of the double bond. Branching structures are then indicated; iso-branched (i), 
anteiso-branched (a), and unspecific branching (br) (Bossio and Scow, 1998). For example, 
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(18:1ω7c) would represent an 18 carbon lipid with 1 cis-oriented double bond 7 carbons from the 
methyl end.  
 
Lipid Marker Interpretation  Reference 
Branched PLFA Gram-Positive Bacteria Harwood and Russell (1984) 
Cycloproane Bacteria- cyclic shape Lechevalier (1977) 
Cis(c) or Trans (t) Unsaturated Kaur (2005) 
Trans/Cis ratio Stress indicator  (Bossio and Scow (1997) 
Figure 1: Lipid Markers relevant for this study  
 The figure above includes relevance of PLFA’s examined in this study  
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Methods 
 
Pore water samples were collected by USGS personnel during 5 trips from March 2005 
until September 2007, with soil cores collected in March 2005 and September 2007.  The data 
from March is the most complete with respect to pore water chemistry paired with soil PLFA 
analyses and will be a focus of this study.  
Samples were collected from three distinct areas along coastal Louisiana providing 
various salinity conditions. The Jean Lafitte National Historical Park and Preserve (JELA) unit in 
Barataria Basin, is located on the west side of the Mississippi River, south of New Orleans. This 
area has moderate salinity, with no river influence (Swarzenski 2008). There is a strong salinity 
gradient between marsh sites within this area. This area is protected, the least impacted by 
human influence, and relies on precipitation for it’s primary source of freshwater. There are no 
physical barriers blocking flow of water between these marshes and the Gulf of Mexico 
(Swarzenski 2008). This area includes freshwater marsh labeled as MOR, NFM6, NSEG, and 
FMA (Figure 2). To the south, but still within the JELA are intermediate marsh sites, PAT, TIA, 
and TIB. These sites are characterized by a higher salinity than the freshwater sites. 
The final area is the Caernarvon Basin located on the east side of the Mississippi River 
south of New Orleans within Breton Sound.  Caernarvon Basin is a complex of brackish 
marshes. Northern Caernarvon is exposed to periodic fresh water diversions from the Mississippi 
River. In the data Caernarvon has been divided into two categories, one very near the subsidy 
input and one much more isolated from the input. Caernarvon was moderately brackish prior to 
the subsidies beginning in 1992. Several of the Caernarvon marsh sites were heavily impacted by 
Hurricane Katrina occurring in August of 2005, leaving remnant marsh “islands”, including sites, 
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CAA, CAB, CAX and, CA2. The outer Caernarvon marshes sampled at CC1 and CC2 are 
brackish.  
Porewater was sampled at 5, 15- and 45-cm depths with an acrylic tube (4-mm inside 
diameter) inserted into the substrate. These depths bracket the depth at which the majority of root 
production occurs. Porewater was withdrawn through this tube with a plastic syringe. Porewater 
from three randomly chosen spots separated by no more than 15 m within each marsh site was 
composited in 250-ml bottles during each sampling trip. Water was either filtered in the field 
through 0.45 um polyethersulfone membrane syringe filters (0.45um). Water samples were split 
into PTFE bottles for anions, and pre-cleaned glass for dissolved organic carbon, and, chilled in 
the field, and shipped on ice to the USGS in Denver, Colorado, within 24 hr of collection. The 
pH was measured using a digital pH meter standardized with a two point calibration using 
buffers of pH 4 and 7. Chloride and sulfate were analyzed using ion chromatography (USEPA 
1983). Nitrate and nitrite were determined by chemoluminescence (Seivers 289 Nitric Oxide 
Analyzer), with NO3- converted to NO in a VCl3 reagent followed by ozonation to produce NO*.   
Total nitrogen was measured using a chemonluminescent nitric oxide detector following sample 
pyrolysis in oxygen and ozonation (Antek Copr. Model 400N).   Dissolved organic carbon 
(DOC) was quantified using the persulfate wet oxidation using an Oceanography International 
Model 700 carbon analyzer (Aiken, 1992). 
Soil cores were collected using a polyvinyl push-corer, with samples separated at 5, 15, 
and 45 cm depth, transferred to PTFE centrifuge tubes, and frozen on dry ice in the field.  These 
soil splits were shipped and stored frozen prior to analysis for PLFA in Davis, California.  
Triplicate subsamples of 8 g dry weight of soil were extracted for 2 h in 23 ml of a one-phase 
extraction mixture containing chloroform:methanol:phosphate buffer (1:2:0.8 v/v/v), with the 
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amount of phosphate buffer corrected to account for existing soil water content [2]. After 
centrifugation for 10 min, at 2500 rpm, the supernatant was decanted into a separatory funnel 
and the soil was vortexed and re-extracted for 30 min with an additional 23 ml of extractant. 
Supernatant from the second extraction was added to the first, along with 12 ml phosphate buffer 
and 12 ml CHCl3. Samples were shaken and the phases allowed to separate overnight. The 
CHCl3 layer was decanted and dried under N2 at 32°C. Phospholipids were separated from 
neutral lipids and glycolipids on solid phase extraction columns, 0.50 g Si (Supelco, Inc., 
Bellefonte, Penn). The column was conditioned with 3 ml CHCl3, and lipids were transferred to 
the column with four 250 µl aliquots of CHCl3. Neutral lipids and glycolipids were eluted with 
five ml CHCl3, followed by 10 ml acetone. Polar lipids were eluted with five ml methanol, and 
dried under N2 at 32°C. Samples were then subjected to mild alkaline methanolysis by dissolving 
in one ml of 1:1 methanol:toluene and 1 ml of 0.2 M KOH, and heating at 37°C for 15 min. 
Resulting fatty-acid methyl esters were extracted with 2 2-ml aliquots of hexane after adding two 
ml of H2O and 0.3 ml of 1.0 M acetic acid. Hexane aliquots were combined and dried under N2, 
at room temperature. Samples were then redissolved in 150 µl hexane containing 19:0 as an 
internal standard. Samples were analyzed using a Hewlett Packard 6890 Gas Chromatograph 
with a 25-m Ultra 2 (5%-phenyl)-methylpolysiloxane column (J&W Scientific). A 2 µl injection, 
with a 1:50 split, was analyzed at an initial temperature of 170°C, ramped to 260°C at 2°C 
min−1 at a constant flow rate of 0.4 ml min−1. Peaks were identified using bacterial fatty acid 
standards and MIDI peak identification software (MIDI, Inc., Newark, DE). Peak identification 
was verified by comparing mass spectrometry EI spectra to spectra from standards, and 
confirming molecular weights with chemical ionization spectra using a Varian 3400 gas 
chromatograph interfaced with a Finigan ITD 806 mass spectrometer (Bossio and Scow, 1998).  
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Figure  2:  Table A classifies the sample sites with marsh type, the tables coloring is associated 
with the graphic below where the freshwater sites are tan, intermediate brown, and brackish 
purple. Image B is a USGS map that shows the positioning of the sites. The sites are located 
south of New Orleans, Louisiana in Barataria Bay. Image C was taken of the soil cores collected 
in the field (Holloway USGS.  
A: 
 
 
 
 
 
B: 
 
 C:  
 
 
 
 
 
 
JELA Freshwater Marsh MOR,NFM6, NSEG, FMA 
JELA Intermediate Marsh PAT, TIB, TIA 
Caernarvon Brackish Marsh (remnant) CA1, CAB/CAX, CA2, CAA 
Caernarvon Brackish Marsh CC1, CC2 
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Data evaluated for this study include PLFA concentrations for March of 2006 and 
September of 2007 paired with chemistry of the associated pore waters. The first step was to 
organize the data into four categories for study. These categories include freshwater marsh, 
brackish marsh from the JELA region (intermediate), remnant Cape Caernarvon brackish marsh, 
and brackish Caernarvon marsh to the south (figure 2).   
Canonical correspondence analysis (CCA) was used to analyze data that is influenced by 
several factors (Shaw 2003). This analysis works in cases where there is a variety of units to 
compare by creating a new matrix and evaluating eigenvalues on this scale. With the CCA 
diagram it becomes visually apparent which variables and which groupings result in the most 
variation. Canonical Correspondence is used in this study as a qualitative tool of exploration. 
 The data is evaluated on several scales. First, looking only at March which is the most 
complete of the data sets available. Within the March data set, sample sites are separated into one 
of the four marsh categories seen in the table above (figure 2). In the March data set two depths 
are available for analysis, 5cm and 15cm. The 5cm depth is the primary focus of this study. For 
the September data PLFA from sites at a 15cm depth is available, water chemistry is available 
for only the 5cm depth for this season. Working within the parameters of this data availability 
allows for lateral comparison. September data allows for analysis on seasonal PLFA shifts 
between the two sample dates. 
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Figure 4: Unpublished 
figure by JoAnn 
Holloway. Ordination 
diagram using 
Canonical 
Correspondence 
Analysis to visually 
represent community 
composition. The 
upper diagram 
showing site placement 
as points and nutrients 
as vectors. The lower 
diagram uses the same 
scale to place the 
PLFA biomarkers. 
Overlap the two to get an idea on PLFA markers abundance within the different communities. 
Yellow is freshwater marsh, brown is intermediate, purple remnant, and red brackish.  
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Results 
The following pages show the mean, median, and range for each marsh type for March 2006 at 5 
and 15cm as well September 2007 at 15cm. The graphs show the mean at each site for the 7 
factors; pH, total dissolved nitrogen (TDN), nitrite (NO2-), dissolved organic carbon (DOC), 
nitrate (NO3-), chlorine (Cl-), and sulfate (SO43-). The data shows noticeable changes between 
sites, seasons, and depths.  
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MARCH 2006 (5cm) 
 
ph
marsh'type mean median range
freshwater 5.8 5.82 0.6
intermediate 6.3 6.39 0.3
remnant 5.2 5.3 2.1
brackish 7.2 7.2 0.7
TDN'(ppm)
marsh'type mean median range
freshwater 1.6 1.4 0.8
intermediate 0.9 0.9 0.3
remnant 1.4 1.0 1.8
brackish 4.0 4.0 6.2
NO2'(uM)
marsh'type mean median range
freshwater 0.03 0.03 0.04
intermediate 0.05 0.04 0.06
remnant 0.03 0.03 0.02
brackish 0.09 0.09 0.00
DOC'(ppm)
marsh'type mean median range
freshwater 34.0 27.7 21.6
intermediate 17.1 16.5 1.9
remnant 17.3 16.0 14.6
brackish 15.4 15.4 7.9
NO3'(uM)
marsh'type mean median range
freshwater 0.17 0.16 0.13
intermediate 0.55 0.74 0.65
remnant 0.17 0.13 0.20
brackish 1.74 1.74 2.97
Cl'(ug/L)
marsh'type mean median range
freshwater 330.5 321 200
intermediate 1055.3333 1150 436
remnant 1226 1271 701
brackish 3493.5 3493.5 947
SO4'(ug/L)
marsh'type mean median range
freshwater 22.875 12 64.5
intermediate 171.66667 200 85
remnant 1052 960 1154
brackish 598.5 598.5 63
5.0
7.0
freshwater intermediate remnant brackish
pH
0.0
5.0
freshwater intermediate remnant brackish
TD
N'
(p
pm
)
0.00
0.05
0.10
freshwater intermediate remnant brackish
NO
2'
(u
M
)
0.0
20.0
40.0
freshwater intermediate remnant brackish
DO
C'
(p
pm
)
0.00
1.00
2.00
freshwater intermediate remnant brackish
NO
3'
(u
M
)
0
2000
4000
freshwater intermediate remnant brackish
Cl
'(u
g/
L)
0
500
1000
1500
freshwater intermediate remnant brackish
SO
4'
(u
g/
L)
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MARCH 2006 (15cm) 
  
pH
marsh&type Mean Medain Range
Freshwater 5.6 5.7 0.5
Intermediate 6.2 6.3 0.6
Remnant 6.0 6.4 1.3
Brackish 6.3 5.9 1.5
TDN&(ppm)
Marsh&Type Mean Medain Range
Freshwater 2.0 2.2 1.2
Intermediate 1.5 1.1 1.7
Remnant 1.9 1.4 1.6
Brackish 3.6 1.5 7.9
NO2&(uM)
marsh&type Mean Medain Range
Freshwater 0.02 0.02 0.02
Intermediate 0.01 0.02 0.02
Remnant 0.02 0.01 0.02
Brackish 0.01 0.01 0.00
DOC&(ppm)
marsh&type Mean Medain Range
Freshwater 44.9 51.0 30.4
Intermediate 15.2 15.7 1.6
Remnant 18.5 16.1 9.1
Brackish 14.8 15.2 8.5
NO3&(uM)
marsh&type Mean Medain Range
Freshwater 0.15 0.17 0.09
Intermediate 0.11 0.12 0.09
Remnant 0.28 0.07 0.64
Brackish 0.09 0.08 0.08
Cl&(ug/L)
marsh&type Mean Medain Range
Freshwater 357 325.00 18.4
Intermediate 1293.67 1330.0 130
Remnant 1201.67 1050 1494
Brackish 2982 3150 691
SO4&(ug/L)
Mean Medain Range
Freshwater 9.875 9 18.5
Intermediate 200 220 130
Remnant 811.333 488 1494
Brackish 640.333 620 691
5.0
5.5
6.0
Freshwater Intermediate Remnant Brackish
pH
0.0
50.0
Freshwater Intermediate Remnant Brackish
DO
C;
(p
pm
)
0.00
0.02
0.04
Freshwater Intermediate Remnant Brackish
NO
2;
(u
m
)
0
500
Freshwater Intermediate Remnant Brackish
SO
4;
(u
g/
L)
0.0
2.0
4.0
Freshwater Intermediate Remnant Brackish
TD
N;
(p
pm
)
0.00
0.10
0.20
Freshwater Intermediate Remnant Brackish
NO
3;
(u
m
)
I1000
1000
3000
Freshwater Intermediate Remnant Brackish
Cl
;(u
g/
L)
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SEPTEMBER 2007 (15cm) 
 
  
pH#
marsh#type mean median range
Freshwater 5.5 5.5 1.1
Intermediate 6.5 6.5 0.3
Remnant 6.2 6.4 0.7
Brackish 7.0 7.0 0.5
TDN#(ppm)
marsh#type mean median range
Freshwater 2.6 2.6 1.2
Intermediate 3.61 2.44 6
Remnant 11.3 12.4 11.2
Brackish 4.72 4.72 4.16
NO2#(uM)
marsh#type mean median range
Freshwater 0.29 0.29 0.01
Intermediate 0.25 0.27 0.20
Remnant 0.33 0.33 0.38
Brackish 0.29 0.29 0.04
DOC7(ppm)
marsh#type mean median range
Freshwater 53.4 53.4 30.8
Intermediate 20.8 20.8 0.4
Remnant 69.1 65.6 95.2
Brackish 22.6 22.6 2
NO3#(uM)
marsh#type mean median range
Freshwater 0.47 0.47 0.14
Intermediate 0.40 0.40 0.06
Remnant 1.40 0.31 3.36
Brackish 0.44 0.44 0.12
Cl#(ug/L)
marsh#type mean median range
Freshwater 569 568.5 3
Intermediate 887 846 1305
Remnant 779 600 705
Brackish 1515 1515 1392
SO4#(ug/L)
marsh#type mean median range
Freshwater 48 48 6
Intermediate 271 270 459
Remnant 314 357 393
Brackish 151 150.75 205.5
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Total PLFA Average:    86 nm  
Freshwater Average:    96 nm 
Intermediate Average:  91 nm 
Remnant Average:       90 nm 
Brackish Average:        50 nm 
(Figure 4) This Figure above shows the total biomass of the PLFA samples taken from each site 
in March of 2006 at the 5cm depth. The white bars are the freshwater JELA sites, FMA, MOR, 
NFM6, and NSEG. The light grey bars show the intermediate JELA marshes PAT,TIA, and TIB. 
The dark grey show the remnant Caernarvon brackish marsh with a freshwater subsidy CA2, 
CAA and CAB. The black bars are the brackish Caernarvon marsh sites, CC1 and CC2. The 
figure below is the same graph at the 15cm depth from the same month. This time there is 
visually less variation between the brackish marsh and the others.  
 
Total Average Biomass= 44 nm 
Fresh Average=               35 nm 
Intermediate Average=    44nm 
Remnant Average=         52 nm 
Brackish Average=          46 nm 
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Figure 5 : Chloride Concentration at Each Site  
Total Average Chloride concentration= 1260 ug/L 
Fresh Average= 331 ug/L 
Intermediate Average= 1060 ug/L 
Remnant Average=1130 ug/L 
Brackish Average= 3490 ug/L 
These figures show the chloride concentration from the March 2006 trip at each site. Above is 
the 5cm depth, and below is the 15 cm depth. The patterns are consistent between the two depths,  
 
Total Average Chloride concentration= 1370 ug/L 
Fresh Average= 357 ug/L 
Intermediate Average= 1290 ug/L 
Remnant Average=1270 ug/L 
Brackish Average= 3740 ug/L 
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Figure 6: Chloride Concentration vs. Ratio of Saturated to Unsaturated PLFA 
The figure above is from 5cm depth in March. Below is the same graph from the 15cm depth. The 
graphs compare the chloride concentration to a ratio of saturated to unsaturated PLFA. With the 
remnant sites excluded R2=0.94 at 5cm and 0.85 at 15cm depth.   
   21  
Figure 7: Saturated PLFA vs. Unsaturated PLF- March 2006 (5cm) 
The figure above shows the graphed percent total of saturated PLFA against unsaturated PLFA 
at each site at 5cm depth in March of 2006. In the freshwater marsh region there is a much 
higher number of unsaturated PLFA than saturated indicating stress. At the brackish region 
there is the opposite effect with more saturated than unsaturated.  
Figure 8 
The figure above shows the percent of cyclopropane PLFA against chloride at 15cm. With the 
remnant marsh included there was a low R2 value of 0.21 but with out it there was a strong 
correlation with an R2 value of 0.80. This indicates and increase in percent cyclopropane with 
an increase in chloride concentration. This relationship did not exist at the 5cm depth where 
there was a negative linear correlation and R2 of less than 0.1 with and without the remnant 
sites.  
%
  of  Total  B
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ass  
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Figure 9 
The figure above groups sites into marsh type as well as compares the total PLFA biomass 
between the March 2006 5cm sampling and the September 2007 sampling. The brackish marsh 
shows a dramatic increase in PLFA biomass in September. The total average using all sites for 
March was 70.7 nmol. For September this increased to 112 nmol. 
 
Canonical Correspondence Analysis (Figure 3): The diagram shown in figure 3 was made 
using CCA by JoAnn Holloway. CCA directly relates community variation to environmental 
variation through use of ordination axis (Braak 1996). On the diagrams points represent species 
and sites, and arrows represent environmental variables (Braak 1996). CCA is best used as a 
quick representation of how the environment explains variation in community composition 
(Braak 1996). Using the diagram resulting from the Canonical Correspondence vectors aligning 
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from the Y axis (Axis 2) account for 82.4% of the variation. The patterns shown by the CCA 
serve as leads for variation with chloride concentration and TDN as well as 18:3 w6c and 14:0 
PLFA. Using the CCA saves time when moving on the descriptive statistics. Many graphs 
containing an R2 were then made comparing either environmental variables to specific PLFA 
statistics (ie. Unsaturated vs. Saturated, % branched, or 18:3 w6c), or comparing environmental 
statistics to each other. Each site is labeled on the graph and given a symbol consistent with 
marsh type grouping. 
Depth PLFA Biomass (Figure 4):  During March 2006 at the 5cm depth the fresh, intermediate, 
and remnant marsh all had relatively the same biomass of PLFA averaging 92 nmol between the 
three sites, but the brackish had much less total biomass averaging 50 nmol. The second graph 
here is also from March 2006 at 15cm depth. This time there is much less variation between the 
brackish marsh and the others, with brackish actually exceeding the average of 44 nmol with an 
average of 46 nmol. At this depth the freshwater has the lowest total biomass of PLFA with an 
average of 35nmol, at the 5cm depth freshwater had the highest average of all marsh types with 
96 nmol of total PLFA.  
Depth Chloride Concentrations (Figure 5): 
This figure shows the graphs of chloride concentration at the 5cm depth and the 15cm 
depths form the March 2006 sample trip. The chloride is used as an indication of salinity (NaCl) 
within each marsh type. A clear salinity gradient is seen on the graphs consistent at both the 5cm 
and 15cm depths. The fresh marsh having the lowest average (331 ug/L) at the 5cm depth and 
the brackish marsh having the highest average (3490 ug/L). The intermediate average is found to 
be nearly in the middle (1060 ug/L). The upper Caernarvon marsh sites receiving subsidy the 
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chloride concentration resembles that of an intermediate marsh (1130 ug/L). The 15cm depth 
showed the same trends with only slightly higher chloride values for each marsh type.  
Chloride Concentration vs. Ratio of Saturated to Unsaturated PLFA (Figure 6):  
This figure shows chloride concentrations from each March 2006 sample site along with 
the ratio of total saturated PLFA to unsaturated PLFA found at each site. With upper Caernarvon 
Remnant marsh sites excluded an R2 of 0.94 suggests a strong correlation between a higher ratio 
of unsaturated PLFA to saturated PLFA and high chloride concentrations. This relationship is 
still present, but is not as strong with the inclusion of upper Caernarvon remnant marsh sites 
where R2=0.79 at 5cm and 0.56 at 15cm. This suggest osmotic stress driven by increased salinity 
causes a community shift to saturated PLFA to reduce membrane fluidity in the saline areas. 
Ratio of Saturated to Unsaturated PLFA (Figure 7): 
The ratio of saturated to unsaturated PLFA is explored in this figure from the March 2006 
5cm data set. The ratio of saturated to unsaturated PLFA increases as salinity increases. With the 
total saturated PLFA divided by the total unsaturated PLFA the freshwater JELA sites average a 
ratio of 0.50 with many more of the PLFA found to be unsaturated. The brackish average ratio 
showed the opposite trend with saturated/unsaturated equaling 1.35. As saline content would 
suggest, both intermediate and remnant marshes fell in between these values with averages of 
0.74 and 0.97 respectively.  
 
Chloride vs. Percent Cyclopropane PLFA (Figure 8): 
This graph of 15cm March 2006 sites shows the percent total of cyclopropane PLFA 
against chloride values. At this depth with the exclusion of remnant upper Caernarvon marsh 
there was a correlation between salinity and percent cyclopropane with an R2 of 0.80. With the 
inclusion of remnant marsh, the R2 value fell to 0.21. This relationship did not exist at the 5cm 
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depth where there was a negative linear correlation and R2 of less than 0.1 with and without the 
remnant sites. 
Season Change of Total PLFA Biomass (Figure 9): 
 Seasonal changes are strongly reflected in total microbial biomass in this figure 
comparing the March 2006 and September 2007 total PLFA biomass. At every marsh type there 
was a greater mass of PLFA in September than in March with the total average March biomass 
being 70.7 nmol and September averaging 112 nmol.  This is an increase of 58.3%. This change 
was most dramatic in the brackish marsh where there was 186% higher average biomass in 
September (142 nmol) than in March (49.5 nmol). The least dramatic biomass change was found 
in the freshwater marsh where PLFA biomass where the September average 107 nmol, was 
10.8% higher than 96.6 nmol average in March. The intermediate average increased 26.5% from 
March (91.4 nmol) to September (116 nmol). Total PLFA biomass in upper Caernarvon remnant 
marsh was 95% higher in September (92nmol) than in March (46.9nmol). Percentages were 
calculated by finding the average total PLFA biomass for each of the 4 marsh types for both 
March and September data. The difference between the March and September average was 
calculated for each marsh type. This value was then divided by the March date and multiplied by 
100. This seasonal shift occurs as vegetation growth in March takes nutrient out of the soil and 
decay in the summer releases nutrients back into the soil (Holloway et al. 2009). This can be 
seen with the total average TDN concentration 58% higher in September 2007 (5.6ppm) 
September 2007 (2.3ppm). 
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Analysis  
The salt marsh ecosystem is made up of a delicate balance of many factors. Each of the 4 
types of marsh studied had a distinct biochemical makeup. Geography, proximity to the ocean 
and freshwater inlets determine the salinity of a marsh. Once each marsh is determined to be 
mostly fresh, intermediate, or highly saline, other chemical factors start to be considered. Overall 
chemical trends shown indicate large variances between fresh and brackish marsh. The remnant 
marsh most resembles the intermediate marsh in salinity for example the chloride concentration 
from 2006 (5cm) remnant was 1200 ug/L, compared to the 1300 ug/L intermediate marsh. These 
values are much more alike than those from the fresh (330 ug/L) and brackish marsh (3200 
ug/L). The remnant marsh shows the greatest range between values, making the means slightly 
irrelevant. This is because after the hurricane season in 2005 all that was left of the Caernarvon 
marsh that was near the freshwater subsidy was bits and pieces of remnant marsh. The ecosystem 
had been torn to shreds making the samples highly variable.  
Many relationships not pictured were tested between different PLFA groups and the 
chloride concentration, most resulting in very low R2 values. Relationships that did exist include 
a negative relationship between salinity and total PLFA biomass in the 5cm depth March data 
set. The higher the salinity the lower to total biomass, with the brackish site having nearly half 
the total biomass compared to the other three less salty sites. This suggests that a saline 
environment is a selective environment that is difficult to live in. This relationship did not exist 
at the 15 cm depth. This resulted in approximately the same average biomass at each of the sites. 
This relationship is interesting when compared to the chloride graphs at 5cm and 15cm depths. 
These graphs show that chloride concentration only increases slightly with depth suggesting that 
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another factor controls biomass at lower depths, none of the nutrients studied here seem to 
explain this change.  
A strong correlation between the ratios of saturated to unsaturated PLFA along a salinity 
gradient was also found. There was a strong liner relationship represented by R2 at both the 5cm 
and 15cm depths. This relationship was made stronger with the removal of remnant marsh from 
the equation, because again the remnant marsh was an outlier. This relationship can be explained 
as microbial membranes have a selective permeability that is compromised by osmotic stress. To 
combat this stress there is a shift to saturated fatty acid chains that are straight, as apposed to the 
kinked unsaturated fatty acids.    
 Additionally, there was an increase in the percent of cyclopropane found in the higher 
saline sites. The cyclopropane cyclical structure offers a different shape of fatty acid chains 
within the membrane that may help with osmotic stress. Cyclopropane is a cyclic structure 
unique to bacteria (Lechevalier 1977). The cyclopropane structure has physical properties that 
may make it more stable than other molecules (Guckert et al. 1986). The R2 value for the 15 cm 
March data was 0.80 with out the remnant marsh. With the remnant marsh this value dropped to 
0.21. Interestingly, this relationship did not at all exist at the 5cm depth, where R2 values were 
less than 0.1 in the negative direction. This could be explained with a variation in chemistry 
between the different depths. The deeper soil provides a harsher environment for microbes and 
results in different microbial selection, in this case the 15cm depth showing a higher percent total 
of cyclopropane than the 5cm.   
 Another variable with a large impact on microbial community is season. The same sites 
sampled at 5cm depths in March of 2006 and September of 2007 are very different. With the 
exception of the freshwater MOR site and the intermediate TIA site there is a higher total 
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biomass of PLFA in September than in March. There is no 5cm chemistry data for September, 
but large nutrient shifts do occur between the 15cm March and September data sets.  
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Discussion 
Based on this study it is clear that there are substantial changes in biochemical parameters 
with depth, seasonally, and chloride. With these changes microbial community changes follow. 
With an increase in chloride concentration, there is an increase in the percent cyclopropane as 
well as a higher ratio of saturated to unsaturated PLFA. 
Salinity 
Two major changes were found with the PLFA data along a salinity gradient. There was 
an increase in the ratio of saturated to unsaturated fatty acids, as well as an increase in the 
percent total of cyclopropane PLFA. These results suggest that the physiology of the fatty acid is 
influenced by the salinity gradient. The cyclopropyl acids are generally formed under stressful 
conditions (Guckert et al. 1986). In the case of this study, this stress is in the form of osmotic 
stress (figure 8). The reasons for modification are not fully understood and could use further 
investigation (Guckert et al. 1986). Environmental stress can lead to nonspecific permeability 
through the increase of fluidity in cell membranes (Bossio and Scow). To combat this 
compromise in permeability this study finds an increase in Saturated lipids in comparison to 
unsaturated lipids (figure 6). The saturated lipids contain no double carbon bonds and are far less 
permeable.  
Depth 
Although salinity patterns remained, there was higher overall salinity at the 15cm depth 
sample than there was at the 5 cm depth sample (figure 5). This depth change had a minor effect 
on the change in the ratio of saturated to unsaturated PLFA (figure 6) against the chloride 
concentration, where R2 still was still large (0.85). This was not the case however with the 
cyclopropane PLFA pattern. There was only a strong correlation between the percentage of 
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cyclopropane and PLFA at the 15cm depth (figure 8). Salinity does not change enough between 
the depths to describe this change exclusively. Overall PLFA biomass does experience a drastic 
change with depth (figure 4). This could mean as total PLFA biomass decreases selection takes 
place and the microbes selected for in the deeper soil have the cyclopropane structure. 
Season 
Seasonal changes are reflected in the total PLFA biomass. The September data has much 
higher average PLFA biomass, seen most dramatically in the brackish marshes. This seasonal 
change can be due to seasonal nutrient demand changes in the plant community (Holloway 
2009). As the plants senesce in the fall more nutrients are leached into the soil. In the spring 
plants use the soils nutrients for growth. This flux of nutrients available to the microbial 
community impacts growth.  
Lower Caernarvon Marsh 
The Caernarvon Marsh almost always served as an outlier. In all diagrams it was left out 
due to a dramatic decline in R2 values. These marsh sites also had very large data ranges. These 
changes can be explained by proximity to the Caernarvon freshwater subsidy as well as 
Hurricanes Katrina and Rita occurring prior to this study. The hurricanes caused dramatic and 
enduring damage in this area that was not consistent with the moderate short-lived damage 
sustained in adjacent marshes (Kearney et al. 2011). Because of this there are conflicting ideas 
on if diversions are the way to restore the marsh (Kearney et. al 2011 and Swarzenski et al. 
2008).  
Explanations of Caernarvon variation include the freshwater subsidy the area receives, as 
well as the impact of the hurricanes. Disrupting the micro microbial community can have major 
impacts on the macro structure of the ecosystem. The remnant marsh was greatly impacted by 
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hurricanes Katrina and Rita in 2005. Speculation suggests that this damage could have been so 
severe due to the salinity and chemistry interference the freshwater subsidy causes (Day et al., 
2011). The results of this study show that salinity has a major impact on community 
composition. This suggests forcing rapid adaptation to a freshwater environment could interfere 
with microbial ecosystem equilibrium. A reduced soil environment, with higher accumulated 
sulfur and more decomposed organic substrate was noticed in areas receiving the river subsidy 
(Swarzenski et al., 2008). Pore water and substrate quality of freshwater marshes receiving the 
subsidy indicate that the river diversion may not be beneficial to wetland restoration and 
conservation (Swarzenski et al. 2008). 
This was explored in a 2011 satellite image vegetation study on the Caernarvon area 
(Kearney 2011). The study found that the coverage and condition of vegetation both declined in 
areas of the marsh nearest to subsidies (Kearney 2011). The sharpest drop in percent vegetation 
after hurricane Katrina occurred in the locations farthest from the path of the storm, and closest 
to the freshwater subsidy (Kearney 2011). The intention of the subsidies was to strengthen the 
marsh with sediment, but results of the study finding that they may have actually weakened it 
shown by declining vegetation. This being said the study found the diversions to be a failure. 
This failure is attributed to subsidy providing high nutrient flux, and greater flooding of the 
marsh plants. The vegetation and microbial ecosystems evolve to fit a specific set of conditions, 
when these conditions are disrupted by diversions the systems inhabitants are no longer adapted 
to survive.  Fresh water inputs from the Mississippi River diverted to increase sediment loading 
include a elevated nitrogen concentrations relative to the marsh ecosystem (Kearney, 2011).  The 
addition of nitrogen was interpreted to enhance carbon losses in plants, as well as lower rhizome 
and root biomass (Kearney 2011). This is assumed to be a factor in the loss of   142 km2 of 
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marsh coverage in the Caernarvon diversion area (Kearney 2011). Based on this study the 
authors conclude that much more investigation must be done on the subsidy. 
A similar study investigated the influence of soil salinity on soil bacterial communities, 
predicting that increased salinity in soil would result in a higher bacterial tolerance (Rousk et. al 
2011). This was done by studying Libyan agricultural soil communities, monitoring response to 
added sodium chloride (NaCl). Results showed no relationship between original soil salinity and 
salt tolerance of bacteria. This suggests that soil salinity does not determine bacterial growth 
(Rousk 2011). There was a clear relationship between salt concentration and bacterial growth, 
with higher concentrations of salt inhibited bacterial growth at the four Libyan soils. This 
relationship did not exist when all soils in the study were included. Determining if salinity 
tolerance was a trait that was being selected for was intended to determine if salinity was a toxin 
that “has been an important selective agent on the studied biological indicator” (Rousk 2011). 
Results suggest that there are other factors that are more influential on bacterial communities 
such as soil moisture, which was found to be highly influential. 
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Conclusion 
The marsh microbial system is a complex and dynamic system changing with season, 
depth, and salinity. Results of this study find PLFA changes can be associated with salinity. The 
brackish Caernarvon marsh receiving the pulsed Mississippi river subsidies showed a 
dramatically different community pattern than the other marsh types in this study. Although it’s 
salinity was very near the intermediate marsh salinity it did not follow the shift from unsaturated 
to saturated PLFA with salinity or the shift to a higher percentage of cyclopropane molecules.  
There are distinct microbial communities along a salinity gradient. The hypothesis that 
the phospholipid fatty acid chain data (PLFA) will reflect the salinity gradient associated with 
marsh location can be accepted based on increase in the ratio of saturated to unsaturated PLFA 
and cyclopropane PLFA increasing as chloride concentration increases. Between marsh types 
defined by salinity there are large variations in water chemistry that may also influence PLFA. 
There is no way of knowing if the shift in PLFA is due to microbes altering the composition of 
their membrane in response to the conditions, or if there is an altered species composition 
(Frostegard et al. 2011).  
Providing water and sediment to a system that is not fully understood can be detrimental 
to the very marsh the subsidy intends to protect. Certainly changes must be made to protect the 
marsh, but these changes should be further investigated before implementation. Further studies 
should include additional sampling sites now that 10 years have passed, this would allow for an 
examination of time as a variable of microbial community composition.   
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Appendix
   1  
 
site date 
depth 
(cm) pH 
DOC 
(ppm) 
TDN 
(ppm) 
NO3- 
(uM) 
NO2- 
(uM) 
Cl- 
(ug/L) 
SO43- 
(ug/L) 
FMA Mar-06 5 6.0 48.0 2.2 0.24 0.03 440.0 66.00 
MOR Mar-06 5 5.4   1.4 0.15 0.05 332.0 9.00 
NFM6 Mar-06 5 6.0 27.7 1.4 0.11 0.01 240.0 1.50 
NSEG Mar-06 5 5.7 26.4 1.4 0.17 0.03 310.0 15.0 
PAT Mar-06 5 6.1 16.5 0.9 0.74 0.04 790.0 115.0 
TIA Mar-06 5 6.4 16.4 0.9 0.12 0.02 1226 200.0 
TIB Mar-06 5 6.4 18.3 1.1 0.77 0.08 1150 200.0 
CA2 Mar-06 5 6.2 16.0 1.0 0.13 0.01 1554 521.0 
CAA Mar-06 5 4.1 25.2 2.5 0.29 0.04 853.0 1675 
CAB Mar-06 5 5.3 10.6 0.75 0.09 0.03 1271 960 
CC1 Mar-06 5 6.9 19.3 7.1 0.25 0.09 3967 567 
CC2 Mar-06 5 7.5 11.4 0.95 3.22 0.09 3020 630 
          
FMA Mar-06 15 5.7 57.0 2.5 0.16 0.04 538 16.5 
MOR Mar-06 15 5.3 51.0 2.2 0.09 0.02 340 1.5 
NFM6 Mar-06 15 5.8 26.6 1.3 0.18 0.01 310 20 
NSEG Mar-06 15       0.18 0.03 240 1.5 
PAT Mar-06 15 5.9 15.7 0.8 0.12 0.03 801 125 
TIA Mar-06 15 6.6 14.1 2.5 0.14 0.01 1750 255 
TIB Mar-06 15 6.3 15.7 1.1 0.06 0.01 1330 220 
CA1 Mar-06 15 6.5 24.2 1.3 0.70 0.03 1050 226 
CA2 Mar-06 15 6.4 15.1 1.4 0.06 0.01 1650 488 
CAA Mar-06 15 5.1 16.1 2.9 0.07 0.01 905 1720 
CAB Mar-06 15 5.9 10.3 0.8 0.05 0.01 1470 996 
CC1 Mar-06 15 7.2 18.8 8.6 0.08 0.01 4326 305 
CC2 Mar-06 15 5.7 15.2 1.5 0.13 0.01 3150 620 
          
MOR Sep-07 15 4.96 68.8 3.2 0.54 0.29 570 51 
NFM6 Sep-07 15 6.04 38 2 0.40 0.30 567 45 
PAT Sep-07 15 6.4 21.2 1.2 0.36 0.15 255 42 
TIA  Sep-07 15 6.53 20.8 7.2 0.40 0.35 1560 270 
TIB Sep-07 15 6.7 20.4 2.44 0.43 0.27 846 501 
CA2 Sep-07 15 5.7 65.6 16.4 0.27 0.33 1221 489 
CAA Sep-07 15 6.4 118.4 12.4 3.63 0.52 516 357 
CAX Sep-07 15 6.4 23.2 5.2 0.31 0.14 600 96 
CC1 Sep-07 15 7.2 23.6 2.64 0.38 0.31 819 48 
CC2 Sep-07 15 6.72 21.6 6.8 0.51 0.27 2211 253.5 
   2  
site date depth (cm) PLFA 
total (nM) 
SATURAT
ED (%) 
UNSAT 
(%) 
BRANCH
ED (%) 
CY (%) 
FMA Mar-06 5 76.5 13.8 31.7 17.4 1.7 
MOR Mar-06 5 100.4 20.0 36.1 26.8 2.4 
NFM6 Mar-06 5 92.9 16.3 38.9 22.3 2.1 
NSEG Mar-06 5 114.0 22.4 37.6 31.5 2.7 
PAT Mar-06 5 84.9 18.5 27.2 24.4 4.6 
TIA Mar-06 5 125.8 29.8 35.6 39.0 4.4 
TIB Mar-06 5 63.4 13.0 18.7 18.1 2.5 
CA2 Mar-06 5 46.9 12.1 13.5 15.4 1.3 
CAA Mar-06 5 79.3 24.7 22.4 20.5 3.8 
CAB Mar-06 5 144.9 40.1 43.5 39.4 6.2 
CC1 Mar-06 5 28.2 8.4 5.3 9.3 1.3 
CC2 Mar-06 5 70.7 19.6 17.9 22.3 2.6 
        
FMA Mar-06 15 29.0 6.2 9.6 8.6 0.4 
MOR Mar-06 15 41.1 8.7 12.8 13.3 0.7 
NFM6 Mar-06 15 34.0 7.3 11.3 10.5 0.6 
NSEG Mar-06 15 35.6 7.7 10.4 11.4 0.7 
PAT Mar-06 15 39.6 9.8 9.4 13.7 1.1 
TIA Mar-06 15 37.1 9.2 9.0 13.2 0.8 
TIB Mar-06 15 55.7 12.5 13.7 19.8 1.5 
CA1 Mar-06 15 52.1 12.4 15.0 17.0 1.7 
CA2 Mar-06 15 27.6 7.6 4.2 11.9 0.4 
CAA Mar-06 15 77.8 18.4 20.7 23.8 3.2 
CAB Mar-06 15 49.1 13.5 11.6 15.7 2.3 
CC1 Mar-06 15 50.9 14.4 9.9 16.8 2.6 
CC2 Mar-06 15 41.6 12.0 7.6 14.8 1.5 
        
MOR Sep-07 15 66.1 14.6 20.2 18.8 1.3 
NFM6 Sep-07 15 148.1 33.4 56.3 33.1 3.4 
PAT Sep-07 15 124.1 32.2 31.1 39.9 4.3 
TIA  Sep-07 15 92.9 23.5 23.0 32.8 2.5 
TIB Sep-07 15 129.9 32.9 36.1 40.8 3.9 
CA2 Sep-07 15 110.0 29.9 21.7 36.8 4.5 
CAA Sep-07 15 101.2 23.9 16.8 37.7 3.3 
CAX Sep-07 15 63.8 16.8 15.8 19.6 2.1 
CC1 Sep-07 15 146.9 41.5 31.9 48.5 6.0 
CC2 Sep-07 15 136.2 40.9 33.9 39.3 4.6 
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